ABSTRACT The objective of this study was to evaluate the development and growth of the digestive system organs, from the 11th day of incubation until the 14 d post-hatch in European and Japanese quail. On days 11, 13 and 15 of incubation at hatch and at 4, 7, 10 and 14 d post-hatch, embryos or chicks of European and Japanese quail were analyzed. After 15 d of incubation, samples from stomach and small intestine were analyzed by microscopy. European quail had significantly heavier body weight at 15 d of incubation and after 4 d post-hatch. The digestive system weight progressively increased with age and was similar between European and Japanese quail at 11, 13, and 15 d of incubation and 10 d post-hatch, while relative weight of digestive system was similar between quail type with great values at 4 d post-hatch. For relative weight of the small intestine + pancreas, the weight of the proventriculus and of the gastric ventricle increased significant by among ages analyzed in both types of quail. At hatch, proventriculus had functional secretory cells and mucosa of gastric ventricle had a thin coilin membrane. In small intestine segments, at 15 d of incubation the height of the villi was similar among duodenum, jejunum, and ileum (80 μm). Villi had elongated shape towards the intestinal lumen, covered by enterocytes and dispersed goblet cells with PAS+ and AB+ contend in all segments. The number of goblet cell/villi increased in segments until 7 to 10 d post-hatch. Duodenum increases the villi up to 14 d, while the jejunum and ileum up to 10 and 4 d, respectively. Based on our data in digestive system growth, a shorter period of post-hatch fast and specific diets to quail during first days of growth is recommended to both quail types. It is concluded that the development and growth of different organs of the digestive system up to 14 d of age was similar between European and Japanese quail.
INTRODUCTION
In the last few years, coturniculture had a higher development and in Brazil, according to data from the Brazilian Institute of Geography and Statistics (IBGE, 2015) , the number of quail in 2016 was 15.1 million. Two types of quail have been used commercially for both purpose egg and meat production. The Japanese quail (Coturnix coturnix japonica) is used mainly for egg production, with smaller body and eggs but a longer productivity life. While European quail (Coturnix coturnix coturnix) is mainly used for meat production, they show a faster growth when compared to Japanese, reaching 200 g at 35 d with a higher capacity of protein deposition (Silva et al., 2012; Grieser et al., 2015 Several factors contribute to the increase of quail production, such as rapid growth, precocity at sexual maturity (35 to 42 d), high productivity (average of 300 eggs/yr), longevity at high production (14 to 18 mo), small spaces for large populations, low investment, and rapid financial returns (Murakami and Ariki, 1998; Oliveira et al., 2002; Albino and Barreto, 2003) .
In parallel to the development of the coturniculture, the scientific research in the sector advanced. Considering commercial poultry species, such as broilers and quail, spend 30 to 40% of their total life inside the egg (Hulet et al., 2007) , factors that interfere with embryo development can affect the performance and post-hatch health in birds in general.
An important factor for bird performance is the development of the digestive system. The organs that make up this system have an important development in the final phase of embryo growth. At 18 d of incubation it makes up about 1% of the embryo weight, and in hatch, they already represent 3.5% of the to-tal weight. This intestinal weight increment is attributed to the development of intestinal villi (Uni et al., 2003b) .
At hatch, the bird's digestive system is anatomically complete but its functional capacity is not. The gastrointestinal tract undergoes major morphological and physiological changes, which will provide greater efficiency in the digestion and absorption processes (Nitsan et al., 1995; Uni and Ferket, 2004) .
The present work was developed with the objective of evaluating the development and growth of the digestive system organs, from the 11th day of incubation until the 14 d of life post-hatch in European and Japanese quail.
MATERIALS AND METHODS
This research was approved by the Committee of Ethical Conduct on the Use of Animals in Experimentation of the State University of Maringá, protocol number 8,793,250,615. The experiment was conducted in the Poultry Farm Sector of the Experimental Farm of Iguatemi of the State University of Maringá.
Animals
A total of 900 quail breeders (450 European and 450 Japanese quail) with 20 wk were used. Quail were standardized by weight and egg production and distributed randomly in galvanized wire cages (25 × 39 cm) receiving water and feed ad libitum. In each quail type, 75 cages were used with 4 females and 2 males to collect eggs.
Eggs were collected during 2 consecutive days and selected by weight (European 11.80 ± 0.59 g and Japanese 9.79 ± 0.49 g). Around 350 eggs, each quail type, were incubated in an automatic incubator (60% humidity, 37.6
• C and automatic turning) and transferred to the hatch chamber (70% humidity and 37.0
• C) after 348 h of incubation. All chicks hatched were housed in boxes (2.5 m 2 ), according quail type, with bedding shaving, covered with corrugated paper, ring bell for heating. Water and feed were supplied ad libitum in chick feeders and drinking fountains. The quail not used to tissue analysis remain at Experimental Farm.
During incubation and post-hatch periods, embryos and chicks were collected. On days 11, 13 and 15 of incubation, at hatch and at 4, 7, 10 and 14 d post-hatch, 6 embryos or chicks of each quail type were randomly collected (European quail n = 48 and Japanese quail n = 48). The sex of embryos or chicks has not been considered. The embryos were sacrificed by cervical dislocation, and the chicks were anesthetized (thiopental 25 mg/kg + lidocaine 10 mg/kg intraperitoneally) and sacrificed by cervical dislocation.
Body and Visceral Weight
Total body weight was obtained in embryos and chicks (without fast) (n = 6). The yolk sac weight was obtained during incubation and the residual yolk sac weight were obtained at hatch and at 4 d post-hatch. In embryos and chicks at hatch, the digestive organs (proventriculus, gastric ventricle (gizzard), small intestine + pancreas, and large intestine) were dissected and weighted together. After 4 d post-hatch, it was possible to isolate each organ and wash contend before weight. In this period, the total weight of the digestive tract was obtained by adding the weight of the isolated organs and the intestinal segments, obtained separately. The relative weight of each organ was determined in relation to embryo/quail body weight.
Tissue Collection and Microscopy
Proventriculus, gastric ventricle (gizzard) and small intestine segments were analyzed (15 d of incubation, hatch and 4, 7, 10 and 14 d post-hatch) for microscopy. During embryo and hatch periods, the digestive system was immersed in fixative solutions. After fixation, each organ was isolated and samples were obtained. In all quail, macroscopical samples (around 5 mm) were sectioned in proventriculus, gastric ventricle (body part), duodenum (ascending part), jejunum (cranial to vitelline diverticulum), and ileum (cranial to large intestine, between the ceca).
At each age, fragments of the proventriculus, gastric ventricle, and small intestine segments (n = 4) were fixed by immersion in 4% paraformaldehyde in 0.1 M PBS pH 7.4 for light microscopy. At 15 d of incubation, at hatch, and at 4 and 7 d post-hatch duodenum, jejunum and ileum were analyzed also by scanning electron microscopy (SEM) (n = 2), and samples were fixed in 2.5% glutaraldehyde in 0.1 M PBS pH 7.4.
Light Microscopy For histomorphology, fragments of each organ were processed in histological routine, included in paraffin, cut (3 μm) and slides stained by hematoxylin-eosin (HE) (proventriculus and gastric ventricle) and/or by HE + Alcian Blue (AB) pH 2.5 and PAS (duodenum, jejunum, and ileum). Digital images were captured in a light microscope coupled to a digital camera (Motican, China Group Co. Ltd., Xiamen, China) for morphometric analysis.
The images were analyzed using Motic Image Plus 2.0 software (Motican). In the proventriculus, the total thickness of the wall was determined and in the gastric ventricle, the thickness of the tunica mucosa and the coilin membrane, and in the duodenum, jejunum and ileum the villi height, crypt depth, villi/crypt ratio, and number of goblet cells/villi (10 integers). For each variable, 10 measurements were performed on each bird in at least 3 semi-serial cuts. In embryos, only intestinal highest villi were measured. Table 1 . Bayesian estimates (mean (standard deviation)) for embryo/quail body weight, weight of yolk sac and digestive system, and relative weights of digestive system, small intestine + pancreas and large intestine of European and Japanese quail from 11 d of incubation (11e) to 14 d post-hatch (n = 6). Scanning Electron Microscopy Fragments fixed in glutaraldehyde were washed in 0.1 M phosphate buffer and dehydrated in increasing concentrations of ethyl alcohol (70, 80, 90, 100 I, 100 II, and 100 III%), 20 min at each concentration. After dehydration, the material passed through the critical point chamber (Bal-Tec CPD 030) by the use of carbon dioxide. The material was then mounted on metal stubs, covered with a 30 nm gold layer on Bal-Tec SCD 050 metallizer, and analyzed on a Shimadzu SS-550 Superscan scanning electron microscope.
Statistical Analysis
The characteristics studied were analyzed by Bayesian Methodology. In this procedure, the response
2 ) for j-th treatment/group. There were considered the prior noninformative distributions, for the model parameters, μ j ∼ N (0,10 −6 ) and τ j ∼ Gamma (10 −3 ,10 −3 ) (τ = 1/σ j 2 , OpenBUGS parameterization) (Rossi, 2011) . The significance of the differences between averages (Δ jk = μ j -μ k , j = k), a posterior of the treatments/groups considered, was based on the presence or absence of zero in the respective 95% credibility intervals.
The posterior marginal distributions were obtained for all parameters by the Brugs package of the R program (R Development Core Team, 2017) . A total of 40.000 values were generated in a Monte Carlo Markov Chain, sampling discard of 10% of initial values. The convergence of the chains was verified through the coda package, program R, using the criterion of Heidelberger and Welch (1983) .
RESULTS

Body Weight and Digestive System Weight
The development of organs of the digestive system was analyzed in European and Japanese quail during the final stage of embryonic development (11 to 15 d), at hatch and up to 14 d post-hatch. According to Bayesian posterior estimates and the respective credibility intervals, the body weight of the embryo/quail was different among all ages analyzed with significant continuous growth (Table 1) . When comparing body weights between quail types, European quail were significantly heavier at 15 d of incubation and from 4 d. For the yolk sac, a weight reduction was observed as a function of the days of age, in both types of quail, with European quail having a heavier yolk sac (Table 1) .
The weight of digestive system progressively increased with time and was similar between European and Japanese quail at 11, 13, and 15 d of incubation and 10 d post-hatch. European quail had higher overall weight in the other periods. However, when we analyzed the relative weight data, only at 15 d of incubation, this difference was observed, showing that the digestive system develops proportionally similarly between quail types (Table 1) .
For the relative weight of the small intestine + pancreas, there was no difference between the types of quail in any of the ages studied (Table 1) , according to the Bayesian posterior estimates and the respective intervals of credibility. In European quail, this ratio Table 2 . Bayesian estimates (mean (standard deviation)) for weight, relative weight (n = 6) and total wall thickness of the proventriculus (n = 4), and weight, relative weight (n = 6), thickness of the tunica mucosa and coilin membrane of the gastric ventricle (n = 4) of European and Japanese quail from 15 d of incubation (15e) was similar when evaluated according to day of age, whereas for Japanese quail, lower values were observed at 10 and 14 d, when compared to 4 d post-hatch. For relative weight of the large intestine, at 4 d weight was higher in Japanese quail due to their lower weight in relation to European quail (Table 1) , in this period. The Bayesian estimates for the mean weight of the gastric proventriculus (glandular) and the gastric ventricle (muscular) are represented in Table 2 . These data started 4 d post-hatch, when was possible to isolate viscera. The weight of the proventriculus and of the gastric ventricle increased among the ages analyzed in both types of quail. There was significant difference between quail type, at the 14 d post-hatch and European quail had greater weight (Table 2 ). For the relative weight, difference was observed at 10 d with higher means for Japanese quail, with reduction in this relation throughout the days of age, for both types of quail.
Histological and SEM Analysis
Proventriculus and Gastric Ventricle The proventriculus was smaller and disposed between the esophagus and the gastric ventricle. Histological analysis, in both types of quail, has shown that the proventriculus wall consists of tunica mucosa, muscularis, and serosa. The tunica mucosa contained 2 types of glands (deep and superficial). The superficial glands were distributed along proventricular folds. The submucosa contains numerous large deep branched tubu- lar glands, the proventricular glands. These glands were lined by secretory mucus cells intensely eosinophilic. The tunica muscularis was composed by an inner circular and an outer longitudinal layer of smooth muscles ( Figure 1A-C) .
The total wall thickness of the proventriculus, including all 3 tunicae, showed a significant effect, with European quail having a less thick proventriculus wall than Japanese quail at hatch. Growth with the advancement of bird age was also observed, with a greater thickness at 14 d post-hatch for both types of quail (Table 2 ).
In the gastric ventricle (gizzard), tunica mucosa was composed by simple tubular glands. The glandular secretion formed an acellular, eosinophilic, adherent mucosal band, the coilin membrane ( Figure 1D-F) . A thin coilin membrane was already observed in embryos with 15 d of incubation (22 μm), becoming thicker at hatch (115 μm) and throughout the growth of quail. In the structural analysis, the tunica muscularis presented an internal circular and an outer longitudinal layer of welldeveloped smooth muscle, covered by a tunica serosa ( Figure 1D-F) . The thickness of the tunica mucosa was significantly lower in embryos at 15 d of incubation. After post-hatch, the thickness of mucosa remained similar (around 300 μm).
Duodenum, Jejunum and Ileum Segments of the small intestine were analyzed by light and SEM, and morphometric data from villi and intestinal crypts were measured (Tables 3 and 4 ; Figures 2-4) . When data were compared between quail type, there were differences for duodenal villi height at 14 d, being higher in European (992 μm) than in Japanese quail (697 μm), and villi height in jejunum at 10 d, with higher values in Japanese quail (391 μm).
The age influenced the height of the intestinal villi, which increased as a function of days in the 3 segments of the small intestine (Table 3) . The segment in which this increment was larger was the duodenum. In the analysis between the segments in each period it was observed that in the jejunum the villi increased in height up to 10 d and in the ileum up to 4 d.
At 15 d of incubation, the height of the villi was similar between the segments (80 μm). At this age in all segments, there were villi, with different sizes. Villi had elongated shape towards the intestinal lumen, covered by enterocytes and with the presence of goblet cells. The larger ones had the apical surface more rounded than the base and smaller ones had more elongated format and digitiform (Figures 2A-C , 3A-C and 4A-C). Mucosal secretion and goblet cells were observed in the intestinal villi, both in light and in SEM (Figures 2A  and 4A-B) .
At hatch, birds had intestinal villi larger than at 15 d of incubation, with mean values of villi height of 330 μm for duodenum, 161 μm for jejunum, and 137 μm for ileum, independent of quail type. At this time, the duodenum villi occupied almost completely the lumen, being characterized as the segment with the largest villi for this age ( Figures 2D-F, 3D-F and 4D-F) .
At this stage, smaller villi interspersed with larger ones were still frequent in the different segments ( Figures 2E, 3D -E and 4D-E), as well as in quail at 7 d ( Figure 4G ). From the hatch, the duodenum presented higher villi than jejunum and ileum until the 14 d analyzed. However, this difference was not significant between the jejunum and the ileum, it suggests that villi in these 2 segments show similar growth from hatch to 14 d (Table 3 ; Figures 2-4) .
In relation to the crypt depth and the villi, crypt ratio for the duodenum, jejunum, and ileum was Table 4 . Bayesian estimates (mean (standard deviation)) for villi: crypt ratio and number of goblet cells/villi of the duodenum, jejunum and ileum of European and Japanese quail from 15 d of incubation to 14 d post-hatch (n = 4). similar between quail types and between segments. Data analyses throughout period showed increase in size up to 14 d (Tables 3 and 4 The villi: crypt ratio of the duodenum was higher post-hatch and higher than the ratio observed in the jejunum and ileum. In the jejunum, the villi: crypt ratio was similar between the periods analyzed and variable for the ileum (Table 4) .
The number of goblet cells was determined by villi in the segments of the small intestine. The amount of goblet cells from the villi of the small intestine segments were similar between types of quail. At the 15 d incubation, a mean of 4.43 cells per villi was observed in all segments (Table 4 ; Figures 2-4) . These cells were characterized by the presence of oval nucleus in the basal region and cytoplasmic granules filled with secretion PAS+ (not shown) and AB+ ( Figures 2B, 3B and 4B) . The double histochemical reaction in cytoplasm of goblet cells (PAS+ and AB+) was observed in all periods analyzed, including embryo period. When the glycoprotein secretion was released by the cells, it becomes highly hydrated, forming a layer of mucus on the surface of the intestinal epithelium (Figures 2 and 4) .
At hatch the number of goblet cells increased significantly in all segments, and from 7 d the results suggest that the number of these cells was similar. From 7 to 14 d, the duodenum presented a number of goblet cell per villi, superior to the jejunum and ileum (Table 4) . Filamentous bacteria were observed by scanning electron microscopy in the jejunum and ileum from 4 d on quail ( Figure 4I ).
DISCUSSION
Japanese and European quail have differences in growth potential, since European quail have aptitude for meat production, being more efficient in feed conversion in lean tissue, weighing in adult stage 80 to 100% more than the Japanese (Silva et al., 2012; Grieser et al., 2015) . When comparing body weight between quail types, European quail were significantly heavier at 15 d of incubation and from 4 d.
In relation to the yolk absorption, in the final stage of incubation of the birds, the yolk sac is internalized into the abdominal cavity and serves as a source of nutrients until exogenous feeding is provided posthatch (Noy et al., 1996; Noy and Sklan, 1997) . Thus, a weight reduction was observed as a function of the days of age, in both types of quail, with European quail having a heavier yolk sac. The eggs of European quail (11.8 g) are bigger than Japanese (9.8 g), and the extra amount of yolk can be observed during embryo development.
Between 15 d of incubation and hatch, the yolk sac absorption process was intense, with a reduction of its weight up to 82%. At hatch, the yolk sac represented on average 6.9% of the live weight of Japanese and European quail chicks and both quail type reduced the yolk sac weight. In broilers at hatch time, the residual yolk sac comprises 20 to 25% of the body weight, and is responsible for 50% of the energy and 43% of the protein required in first day of life (Murakami et al., 1988; Noy and Sklan, 1997) . The fat present in residual yolk sac contents is 80% used on the first day, while the protein is used more slowly (Nitsan et al., 1991) .
In this work, the total absorption of the residual yolk occurred during the first days of life. At 4 d, it was still possible to identify residual yolk sac in some quail (2/6 birds), representing less than 1% of the weight. In broiler chickens, yolk size decreases exponentially posthatch and had 1 g after 4 d of life (Noy et al., 1996) .
In relation to the digestive system, the highest relative weight was observed at 4 d post-hatch (18.62%), with reduction of this relation on consecutive days, due to the fact that body weight increases proportionally more than the digestive system. From 11 d of incubation to 4 d post-hatch, digestive system weight increased 18.4-fold in European and 20.2-fold in Japanese quail. In same period, body weight increased 4-fold, suggesting the intense proliferative activity in digestive organs during this period. Murakami et al. (1992) observed in broiler chickens that the growth of the digestive system has its peak between the third and seventh post-hatch days. This growth in the first days of bird life has extreme importance for the development of intestinal villi and absorption of nutrients from the diet. The post-hatch accelerated rate of development is reflected in the several-fold elevation in numbers of enterocytes during first few days post-hatch, resulting from the dramatic increase in villi length (Geyra et al., 2001) .
Concerning histological results, proventriculus morphological organization was common to other birds, such as the chicken (King and McLelland, 1979; McLelland, 1990) and in quail (Ahmed et al., 2011; Zaher et al., 2012) . The proventriculus was smaller and disposed between the esophagus and the ventricle, similar to that described in birds in general (Getty, 1986 gastric ventricle has the capacity to store the food while continuing the chemical digestion that was initiated in the proventriculus. This structure has a highly developed musculature, whose rhythmic and strong contractions were responsible for the crushing of the ingested food (mechanical digestion) (Macari et al., 2002) .
In relation to villi development, corroborating with our results, Otutumi et al. (2008) , working with European quail up to 35 d, observed a greater development of duodenum villi when compared to the ileum. The same was found in a study with broiler chickens, which observed significant differences in villi length among segments at hatch, with duodenal villi longer than those in the jejunum and ileum (Geyra et al., 2001) .
This greater development of duodenum can be attributed to the fact that it is the fastest cell renewal segment and also because it is the first segment of the small intestine to receive physical, chemical and hormonal stimuli triggered by the presence of nutrients in the lumen (Macari et al., 2002) . Nutrients are stimulating factors for the growth of villi and crypts (Moran, 1985) , and this is really evident in differences observed in this research between hatch and 4 d.
The development of the crypt is crucial in intestinal maturation. The morphology of the small intestine changes rapidly in the late stages of incubation, so that the increase in crypt size provides enterocytes to increase the intestinal absorption surface as the villi grows (Ozaydın et al., 2012) , corroborating with the results obtained in this work.
The desirable relationship between villi and intestinal crypt occurs when the villi are high and the crypts are low. Higher villi height: crypt depth ratio represents better nutrient absorption while lower values suggest the energy losses with cell renewal (Li et al., 1991) . Goblet cells play an important role in the maintenance and development of the intestinal epithelium. They secret mucus, have with the function of protecting the epithelium during digestion and lubricating power on solid foods. Another important role of mucus would be to protect against infection by acting as a protective barrier preventing the contact of microorganisms with epithelial cells (Uni et al., 2003a; Smirnov et al., 2005) .
Filamentous bacteria were observed in the jejunum and ileum from 4 d on quail. These bacteria were autochthonous microorganisms that colonize the jejunum and ileum by binding to the cells of the intestinal epithelium. These apathogenic bacteria stimulate the mucosal immune system by elevating the number of lymphoid cells and the secretion of immunoglobulin A (Klaasen et al., 1993) .
The glandular portion of stomach is active at hatch in quail and the gizzard has a coilin protector layer developed. This finding suggests that quail is able to process food at hath. This knowledge can be used for industry in order to estimate time of food access in farms after hatching window. Apparently, the great development of both stomach and small intestine segments in first day's post-hatch indicates that quail has a quick posthatch growth than broiler and probably a different diet protocol could be developed for this specie.
The results obtained also have commercial impact by providing information for quail farmers about the growth of quail during the critical period of post-hatch. The information can be used in order to support decision of fasting period after hatch and practical procedures for delivery of chick and feed to farms.
The findings in this research can be used in new studies aimed to understand the physiological mechanisms during last period of incubation and post-hatching periods, as well as physiological processes of the digestive system in avian in general.
CONCLUSION
The development and growth of different organs of the digestive system up to 14 d of age is similar between European and Japanese quail, presenting equivalent relative weight. Based on our data on digestive system growth, a shorter period of post-hatch fast is recommended to both quail types.
